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ABSTRACT 
 
 The open air growing environment for corn (Zea mays L.) makes it impossible to 
maintain genetic purity of 100%. Much debate has characterized the discussion on 
acceptable tolerance levels for adventitious presence to ensure coexistence between 
genetically modified and non-genetically modified crops. This research analyzes nine 
scenarios to test field, handling, and elevator-based segregation capabilities in a 
commodity system. Using stochastic models to model individual factors that contribute to 
adventitious presence in commodity maize including: impure seed, isolation distance, 
equipment cleanout, and elevator handling practices, Monte Carlo simulation was used to 
calculate the cumulative amount of adventitious presence for each scenario.  
Output values from 50,000 iterations for each scenario were used to assess the feasibility 
of meeting tolerance levels of 0.9%, 1.5%, and 3.0% genetic impurity. The modeling 
suggests that a 0.9% tolerance level is not feasible in most cases, with feasibility ranging 
from 0.0% to 49.8% across the nine scenarios. The tolerance levels of 1.5% and 3.0% are 
feasible in certain cases, however, with feasibility ranging from 3.0% to 94.7% at a 
tolerance level of 1.5% and feasibility ranging from 54.4% to 100.0% at a tolerance level 
of 3.0%. Sensitivity analysis found that isolation distance was the most significant factor 
in five out of the nine scenarios, elevator handling practices was most significant in three 
out of the nine scenarios, and seed purity was the most significant in one of the nine 
scenarios.  
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CHAPTER 1. INTRODUCTION 
Corn is one of the most important crops in the world. Combined with rice and 
wheat, it provides at least 30% of the food calories to more than 4.5 billion people in 94 
developing countries (Shiferaw et al., 2011). One of the most rapidly adopted methods 
for increasing corn yields is through the use of genetically modified (GM) hybrids like Bt 
and insect resistant corn. Genetic modification has dramatically changed the way corn 
grain is produced, handled, stored, and marketed (Burkgeff et al., 2014). In countries 
where transgenic traits have been approved for commercial use, coexistence with non-
transgenic products remains a difficult policy challenge (Clark, Ryan, and Kerr, 2014). 
Managing such coexistence, however, is fundamental to developing policies that allow 
for the production of both GM and non-GM crops in compliance with food labeling or 
genetic purity standards.  
At the grain processing level, adventitious presence refers to the trace amounts of 
genetically modified grain detected in a non-GM sample.  The specific tolerance levels 
are typically specified by the end user, and range 0.9% to 5.0% (Federal Register, 2018). 
Previous research on adventitious presence concludes that most incidents of adventitious 
presence exceeding tolerance limits occur as a result of impure seed, equipment resides, 
and cross pollination during production (Sausse et al., 2013; Mosher and Hurburgh, 
2010), although post-harvest handling practices also can result in adventitious presence.  
Absolute genetic purity is often a critical commercial requirement for many non-GM 
producers. Achieving a purity of 100%, however, is generally unattainable in the volume-
based structure of most commercial production systems. This is particularly true for 
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wind-pollination crops grown over large areas, such as maize (Council for Agricultural 
Science and Technology, 2007). 
Project Objective 
The objective of this project was to develop a model to test factors that influence 
the level of adventitious presence from the field to receipt and handling at the grain 
elevator. The model used was a stochastic model that includes distributions to represent 
the known factors that contribute to adventitious presence. A Monte Carlo simulation was 
used to run 50,000 iterations on each of the nine scenarios described in table 1 below. 
This model was developed using available published data on seed purity, field conditions, 
equipment clean-out, and grain handling practices. The model measured the feasibility of 
meeting three proposed tolerance levels for adventitious presence: 0.9%, 1.5%, and 3%. 
Sensitivity analysis was used to identify the major contributing factors to adventitious 
presence and the likelihood of meeting the three specified tolerance levels. 
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Table 1 Description of the nine scenarios to be evaluated.  
Scenario number Scenario 
1 Purity, Clean-out, Isolation 0-20m, Gravity pit 
2 Purity, Clean-out, Isolation 0-20m, Drag conveyor 
3 Purity, Clean-out, Isolation 0-20m, Bucket elevator 
4 Purity, Clean-out, Isolation 21-40m, Gravity pit 
5 Purity, Clean-out, Isolation 21-40m, Drag conveyor 
6 Purity, Clean-out, Isolation 21-40m, Bucket elevator 
7 Purity, Clean-out, Isolation 41+m, Gravity pit 
8 Purity, Clean-out, Isolation 41+m, Drag conveyor 
9 Purity, Clean-out, Isolation 41+m, Bucket elevator 
  
Research Questions  
The research was conducted to answer four questions.  
 For nine scenarios, what is the feasibility to test at or below a tolerance level 
of 0.9% adventitious presence?  
 For nine scenarios, what is the feasibility to test at or below a tolerance level 
of 1.5% adventitious presence?  
 For nine scenarios, what is the feasibility to test at or below a tolerance level 
of 3.0% adventitious presence?  
 For each of the nine scenarios, which factors are most significant in 
influencing overall adventitious presence?  
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CHAPTER 2. LITERATURE REVIEW 
Background 
To date, the two most prevalent GM crops traits are Bt-derived insect resistance 
and herbicide resistance (Gewin, 2003). In countries where genetically modified (GM) 
corn and non-genetically modified corn are both grown, there is debate on whether the 
two can coexist together (Demont et al., 2008) in an open-air growing environment, yet 
not violate purity tolerance levels. The success of coexistence strategies between GM and 
non-GM corn can be determined by examining the level of adventitious presence (AP) 
against the specified tolerance level for adventitious presence. Adventitious presence is 
defined as trace amounts of one variety of corn within another variety of corn (Kershen et 
al., 2005). Outcrossing is a word commonly associated with adventitious presence 
because outcrossing is one of the means through which AP occurs in open air 
environments. Trace amount of AP only matter when specific genetic traits are regulated 
and require genetic purity of a specific trait for corn. Another cause of AP is through 
commingling, which often occurs during harvest and post-harvest handling operations 
(Ingles et al., 2006). 
  In the context of GM and non-GM corn, adventitious presence is commonly 
defined as the amount of genetically modified material that is detected within a non-GM 
load of corn. The European Union has determined that an acceptable tolerance level for 
adventitious presence in non-GM corn to be 0.9%. This means that for a non-GM corn lot 
to be classified as non-GM in the marketplace, there must be less than 0.9% of 
genetically modified material within that load. 
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 The outcome of this debate has large economic implications. The first 
implication is the feasibility in producing non-GM corn that tests below the 0.9% 
tolerance level.  The second implication relates to the responsibility of ensuring farmers 
have a credible probability of maintaining the integrity of the crops they choose to grow. 
The third implication involves matching the appropriate testing criteria to ensure testing 
results are accurate towards the targeted specifications and that testing can achieve these 
specifications (Kershen et al., 2005). 
 A major impetus for conducting the present research is to minimize the 
occurrence of a non-GM producer having loads rejected because they exceed the 
tolerance level of 0.9%. This event raises concern whether a tolerance level of 0.9% is 
actually feasible for non-GM producers. Once a non-GM load is rejected at the elevator, 
it must be sold at a commodity price. Commodity price is always less than the premium 
price the farmer would have received for their non-GM corn. When the farmer isn’t able 
to receive the specialized market price he or she was expecting, they may become 
frustrated and leave the market altogether. This negative outcome fuels the debate 
regarding coexistence from a non-GM grower’s perspective.  
Sources of Adventitious Presence 
Various factors have been found to influence the level of adventitious presence in 
non-GM corn loads. Previous research concludes that most incidents occur as a result of 
impure seed, cross pollination during production, or equipment residue (Sausse et al., 
2013; Devos et al., 2008; Mosher and Hurburgh, 2010), although post-harvest handling 
practices also can result in adventitious presence (Ingles et al., 2005). These factors have 
been identified, and their effects have been reported individually (Pla et al., 2005; Porta 
et al., 2007; Weber et al., 2006; Baltazar et al., 2015; Hanna et al., 2011; Ingles et al., 
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2006).  But this does not give an accurate indication of whether corn loads will meet a 
given tolerance level at the elevator.  
While there are research data regarding individual factors impacting adventitious 
presence, there is a major gap in research investigating how the different factors of 
adventitious presence together effect the overall purity of corn tested at the elevator. The 
objective of this research project is to use an analytic modeling approach to test 
cumulative amounts of AP against known tolerance levels.  
Impure seeds are one contributing factor to adventitious presence (Devos et al., 
2008). Most seed companies do not include purity level information of seed on their bags 
of seed. Instead, they label seed bags with an upper threshold tolerance level and 
guarantee that their seed has a purity level at or below the labeled tolerance level. This 
causes some uncertainty regarding purity for the producer, and should be taken into 
account when calculating the overall AP.   
 Cross pollination during production comes from factors such as spatial isolation 
distances, field characteristics, pollen barriers, and temporal isolation (Goggi et al. 2006; 
Ireland et al. 2006; & Devos et al., 2008). There have been a number of research studies 
done on the effects of spatial isolation distances (Pla et al., 2005; Porta et al., 2007; 
Weber et al., 2006; & Baltazar et al., 2015) These four studies were chosen because they 
looked at percent of GM DNA content. Each study yields a similar trend whereas the 
spatial isolation distance between fields increases, the amount of adventitious presence 
decreases. Each of the studies investigated the percentage of adventitious presence that 
was found after harvesting fields separated using distinct isolation distances from the test 
field to the closest GM field. The distances studied were 0 to 80m for two fields in Spain 
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investigated by Pla et al. (2005), 0.7 to 56.7m for six fields in Italy by Porta et al. (2007), 
0 to 60m for twenty-six fields in Germany by Weber et al. (2006), and 0 to 25m for eight 
fields in Northern Mexico by Baltazar et al.(2015). 
 Adventitious presence due to equipment residue has been identified and 
researched for combine clean-out (Hanna et al., 2011) as well as different methods of 
storing grain at the elevator before testing (Ingles et al., 2006). The findings of Hanna et 
al. (2011), show that combine cleanout is a significant factor of adventitious presence 
when a small amount of grain (less than 20 bushels) is harvested. As the number of 
bushels harvested increases, the corn has a flushing effect and adventitious is not as 
relevant to the overall purity. Ingles et al. (2006) identified three scenarios within the 
elevator handling process where corn samples are taken for sampling: from within the 
gravity pit, while being transported on the drag conveyor, or during transport by a bucket 
elevator. The findings of both studies suggest the amount of adventitious presence is 
correlated to the amount of corn being processed, where the greatest adventitious 
presence is found in the least bushels processed. In other words, as the number of bushels 
harvested or stored goes up, the resulting impact of adventitious presence decreases.  
Monte Carlo Simulation  
To analyze data from variables that have been found to influence AP levels in 
non-GM corn, a Monte Carlo simulation was used. Monte Carlo simulation is a computer 
simulation that determines many possible outputs for a given equation by drawing data 
values from distributions that are used in the equation (Vose, 2008). To begin, an 
equation is developed to represent the relationship between the variables being tested. 
Once the equation is created, data are gathered to create distributions that model possible 
values for each variable in the equation. Once the distributions are created and populated 
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with the data, the appropriate mathematical operations are added to link the distributions 
together. The initial static equation model is now represented as a stochastic model which 
is more representative than a static model because it is a more realistic representation and 
models variability more accurately than a static model (Vose, 2008). When running a 
Monte Carlo simulation, the computer program will pull a single value from each 
respective distribution, these values are used in the mathematical operations to yield an 
output value. This output value is a reflection of one iteration through the model and 
represents one possible outcome.  Repeating the process thousands of times provides the 
basis for generating a probability of an event occurring, in this case, a cumulative AP 
level. Sensitivity analysis can then be run on the output values to identify factors that 
have the most influence on the outcome measured (Vose, 2008).  
 Once the specified number of model iterations are completed, the output values 
from each iteration are then graphed to relate the output value with the frequency of its 
occurrence. This provides a visualization of how many outputs fall within a given range.  
 In this research, distributions were added to represent each variable through which 
adventitious presence can occur. Monte Carlo simulation drew a value from each 
distribution and added these values together to result in the total amount of adventitious 
presence for that given iteration. Once these total amounts of adventitious presence are 
graphed on the x-axis, the frequency of each output can be seen on the y-axis. To 
determine the likelihood that the amount of adventitious presence will meet or fall below 
the tolerance levels of 0.9%, 1.5%, and 3.0%, the frequency values that fall at or below 
each tolerance level on the x-axis is examined.  
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 Sampling probability distributions of the data rather than sampling individual data 
points allows for values to be included in the simulation that would otherwise be 
excluded, such as values that fall between the gaps of the data points. For example if we 
know that at an isolation distance of zero to twenty meters, the amount of AP found in 
two samples is 1% and 3%, then we know that if additional samples were taken under the 
same conditions, a sample could be found that has 2% AP. Monte Carlo simulation 
provides additional information by accounting for every possible value within each 
variable’s distribution (Vose, 2008). The output of Monte Carlo simulation is particularly 
effective in determining feasibility of coexistence between GM and non-GM corn 
because it is representative of the wide variety of growing conditions and standards that 
producers may choose to implement in the farming practice. 
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CHAPTER 3. METHODOLOGY 
Overview  
Monte Carlo simulation was used to test the feasibility of three tolerance levels 
used in handling and marketing non-GM maize.  Inputs to the model examined areas 
from the field to the grain elevator where adventitious presence was most likely to occur 
in non-GM corn.  The scope of this model reflected actions from seed purchase to testing 
at the elevator. The model included 4 variables identified by previous research to have 
influenced AP in non-GM corn loads and their associated distributions. The model 
yielded an output that drew one random data value representing the likelihood of AP 
occurring from that individual variable’s distribution of data. The model then took the 
summation of each of these values to represent the total amount of AP in a given load. 
Monte Carlo software graphs the total amount of AP against the frequency of each 
output, which we used to assess the feasibility for output values to meet or exceed 
tolerance levels. Three tolerance levels of 0.9%, 1.5%, and 3.0% AP were tested to 
determine if these tolerance level were feasible under 9 likely management scenarios. 
Input Data  
Previous research findings have investigated coexistence between GM and non-
GM corn from a single factor approach (Pla et al., 2005; Porta et al., 2007; Weber et al., 
2006; Baltazar et al., 2015; Hanna et al., 2011; & Ingles et al., 2006). Specifically, 
investigators have examined how isolation distances, equipment clean-out, and elevator 
handing practices influence adventitious presence levels. Single factor research does not 
account for conditions found during testing and handling at the elevator or how these 
factors work together to push a non-GM load over required tolerance levels. Testing for 
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AP levels at the elevator are representative of the total amount of AP that accumulates 
throughout the time corn is planted until it is received at the elevator. In this research, 
four variables identified by previous research as an influence on the AP within non-GM 
corn load were tested. The scope of the analysis begins with the non-GM seed corn a 
farmer purchases and continues to the testing of that corn at an elevator. These four 
variables include: purity of the non-GM seed, adventitious presence due to isolation 
distances, the level of combine clean-out, and the handling practices at the elevator.  
One additional variable, volunteer corn plants, was considered but not included in 
the model. Adventitious presence due to volunteer corn plants can be influenced by 
several factors, including weather, growth rate, and pollination time (Palaudelmàs et al., 
2009). However, the population of volunteer corn plants must be excessively large, 
greater than 10% of plants per acre, to have a substantial impact on AP. Further, even 
when a large number of volunteer plants are present, their resulting amount of 
adventitious presence is an order of magnitude smaller than the other factors considered 
(Palaudelmas et al., 2009).  
 Data on the AP due to the purity of non-GM seed corn was drawn from supplier 
cut-off limits. These limits apply when seed companies test the purity of their non-GM 
seed. If the seed purity is not equal to or less than the specified limit, the seed cannot be 
marketed or sold as non-GM seed. According to industry professionals, three common 
cutoff purity limits are 0.5%, 0.7%, and 0.9%.   Knowing the initial purity of the non-GM 
corn is important because a common assumption of non-GM growers is that seed purity is 
consistent. This means that when corn is delivered to the grain handler, the purity of the 
grain lot does not begin at zero percent AP, but likely falls along a distribution. Using a 
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data distribution to account for the variability in seed purity was a more accurate 
depiction of the starting value of seed purity.  
 Hanna and Jarboe’s (2011) research results on combine clean-out was utilized to 
construct the data distribution on equipment residue.  Three levels of clean-out were 
modeled: full, abbreviated, or no clean-out. Their research found that equipment cleanout 
levels have more significance on influencing AP levels when a small number of bushels 
are harvested compared to when a large number of bushels are harvested. Their findings 
suggest that even if the number of bushels harvested was only 100, the resulting AP 
would be two magnitudes smaller than other factors considered in our model. Another 
option is to use dedicated machinery for non-GM crops, which would not introduce AP.  
 The effect isolation distances have on the amount of adventitious presence that 
occurs through cross pollination from field to field has been heavily researched; previous 
research investigating effects of cross pollination found that cross-pollination could occur 
at 1 meter of isolation distance as well as at 400 or more meters of isolation distances 
(Weber et al., 2006; Pla et al., 2005; Porta et al., 2007; Baltazar et al., 2015). The data 
distribution in the model included three levels:  less than 20 meters, 21 meters to 40 
meters isolation distance, greater than 41 meters isolation distance. Since most combines 
can harvest roughly 10 meters with each pass, these categories were chosen to reflect two 
passes, 4 passes, and six passes being harvested, respectively. Primary factors cited by 
previous research that influence the effectiveness of the isolation distances in segregating 
GM and non-GM pollen included pollen transfer by insects, prevailing winds, geographic 
structures, and topographic and elevation differences (Kozjak et al., 2011). Because the 
four research findings were taken under field conditions, they were influenced by all of 
13 
these factors and account for them. One assumption that was made is that the four 
research findings were representative of a commodity handling environment which was 
the goal of this study; this assumption was made because the studies all looked at cross 
pollination within corn crops and had neighboring GM fields.  
 Testing incoming corn loads individually is prohibitively slow and expensive yet 
unloading and storage practices can introduce trace amounts of AP to the loads (Ingles et 
al., 2006). Ingles et al. (2006) found that depending on the location where the corn 
sample is taken for testing AP levels, test results may vary in the amount of AP that 
results from each sampling location. The three elevator handling practices that were 
tested by Ingles et al. (2006) were from within the gravity pit, from the drag conveyor, 
and from the bucket elevator. Each of these three scenarios will be included in the 
analytical models.  
 It was assumed that purity of seed planted by a non-GM producer is an 
independent variable.  Although farmers have the choice to choose the non-GM seed 
variety they wish to plant, it is not common practice for seed companies to state the exact 
genetic purity of each seed lot. There is a cut-off purity level and as long as the seed is 
below that then it can be sold to farmers.  If each individual lot were marked with its 
purity level, then there would be high demand for the lowest level possible. This would 
cause problems in marketability for conventional seed that is below the cut-off level for 
AP, but still less pure than other lots that meet the cut-off level.  
Rationale in Creating Nine Scenarios 
The development of nine scenarios was driven by available published data and 
rationale regarding farmer’s decision choice in their farming practices. The distribution 
for seed purity is constant in each of the nine models to represent the random variability 
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in the seed that farmers receive to plant. The distribution for combine clean-out is also 
constant in each of the nine models. Initially, twenty-seven models were analyzed. These 
included nine models with isolation distance and grain elevator handling practice with 
each of the models having three levels of combine clean-out aggregated across them. The 
initial analysis showed that the level of combine clean-out did not have significant impact 
on the overall AP levels of the model, as the contribution to AP levels was two to three 
magnitudes lower when compared to the other three contributing factors. For this reason, 
the analysis was focused on the nine scenarios rather than twenty-seven because the 
research interest was on significant factors influencing AP. There were three distributions 
modeled for isolation distance reflecting isolation distance of 0-20 meters, 21-40 meters, 
and greater than 41 meters. There were three distributions reflecting where the sample 
was taken for testing at the elevator, with the distributions reflecting samples taken from 
the gravity pit, from the drag conveyor, and from the bucket elevator. The nine scenarios 
resulted from having two constant factors and two factors with three options each. The 
three options are aggregated against each other resulting in nine total scenarios.  
Defining Distributions  
Data distributions are utilized in the model to represent major sources of 
adventitious presence that could be introduced during the corn handling process from 
field to elevator. An accurate distribution is important to the output of the model because 
if each distributions models variability accurately, then the output will also be more 
accurate (Vose, 2008). There are usually gaps in input data due to limited research done 
on the four factors that contribute to AP, these gaps can be filled by fitting distributions 
around the input data (Ryan, Schwab, and Mosher, 2017). The stochastic approach 
allowed for Monte Carlo simulation to randomly sample each distribution and a single 
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value to be taken from each distribution and added together to give a resulting sum of the 
overall adventitious presence sum. The strength of the Monte Carlo simulation was that 
the high number of model iterations of the process gave a more realistic picture of the 
variance that exists in the production, growing, and handling environment. For this study, 
50,000 iterations were run for each of the nine scenarios, 50,000 was chosen because 
saturation was beginning to occur between 45,000 and 50,000. 50,000 was also a limit of 
the software. 
 The distribution that represents the first factor of impure seed was modeled as a 
beta distribution. The beta distribution was chosen to model events with a random chance 
of single occurrences (Vose, 2008). In this case, the purity of the seed is the random 
chance single occurrence, and this random purity must be accounted for when 
determining overall cumulative AP levels.  
 The isolation distance distributions included three levels: 0-20 meters, 21-40 
meters and greater than 41 meters of isolation distances. The distances were modeled 
using an exponential distribution, a Weibull distribution, and an exponential distribution, 
respectively. These distributions were selected using the “best fit” option using the 
@Risk software and vary between each distance due to the number of input values for 
each category as well as the association of values within each category. Previous research 
yields 136 data values for the percentage of AP found for fields with 0-20 meters of 
isolation distance (Pla et al., 2005; Porta et al., 2007; Weber et al., 2006; & Baltazar et 
al., 2015). Previous research yields 92 data values for the percentage of AP found for 
fields with 21-40m meters of isolation distance (Pla et al., 2005; Porta et al., 2007; Weber 
et al., 2006; & Baltazar et al., 2015). Previous research yields 74 data values for the 
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percentage of AP found for fields with 41+ meters of isolation distance between fields 
(Pla et al., 2005; Porta et al., 2007; Weber et al., 2006). 
 A triangular distribution was used for the combine clean-out variable, based on 
previous findings by Hanna and Jarboe (2011). Since there was no significant variation in 
the level of adventitious presence after more than 20 bushels had been harvested, 
combine clean-out contributed very little to the overall level of AP. It is important to 
know that in situations where less than 20 bushels are harvested, the significance of 
clean-out level could increase.   
 Lognormal distributions were used to represent the location where samples were 
taken for testing from within the grain receiving system at the elevator. The three 
locations Ingles et al. (2006) identified were during storage in gravity bins, during 
transportation via drag conveyor, and during transportation via bucket elevator. Ingles et 
al. (2006) also found that the level of AP  was highest when the grain first enters the 
storage system. As the rest of the load enters the storage system, the level of AP 
decreases and stabilizes. A lognormal distribution accounted for situations with high 
levels of AP immediately after the grain enters the system, , but that levels out once more 
grain enters the system. The distribution reflects a situation where AP levels are highest 
at the beginning of the storage process. This is true because grain and residue left from 
previous corn lots are expected to impact overall AP levels at a greater level when there 
is less new corn. As the amount of new corn increases, the likelihood of detecting AP 
drops substantially.  
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Table 2. Adventitious presence input distributions descriptions 
Variable Amount of: Distribution Type Distribution Parameters 
(amount of AP) 
Seed Purity Adventitious Presence Beta Mean: .4750 
Std Dev: .19007 
Isolation Distance 0-20m Adventitious Presence Exponential Mean: 1.5146 
Std Dev: 1.5157 
Isolation Distance 21-40m Adventitious Presence Weibull Mean: .3978 
Std Dev: .3470 
Isolation Distance 41m+ Adventitious Presence Exponential Mean: .1889 
Std Dev: .19149 
Combine Clean-out Adventitious Presence Triangular Mean: .007033 
Std Dev: .003324 
Gravity Pit Adventitious Presence Exponential Mean: 1.2701 
Std Dev: .3870 
Drag Conveyor Adventitious Presence Extreme Value Mean: .3987 
Std Dev: .2175 
Bucket Elevator Adventitious Presence Exponential Mean: .26635 
Std Dev: .17391 
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CHAPTER 4. RESULTS 
Monte Carlo simulation was used to determine the total AP levels for nine 
different scenarios. Once the Monte Carlo simulation calculated output values for the 
total amount of AP, these output values showed AP level on the x-axis and frequency of 
occurrence on the y-axis. Graphs displayed how many occurrences fell at or below each 
of the three tolerance levels of interest, 0.9%, 1.5%, and 3.0%. 50,000 iterations were run 
for each of the 9 models, so a feasibility of 10% for testing at a tolerance level of 0.9% 
means that 5,000 (50,000 * 10% = 5,000) of the model output values had a total AP of 
0.9% or less. Figure 1 below shows an example of the output distribution for scenario 1, 
which represents seed purity, an isolation distance of 0-20m, combine clean-out, and 
samples taken from within the gravity pit; the other output distributions for each scenario 
can be found in the appendix.  
 
Figure 1. Output distribution for scenario 1 – seed purity, an isolation distance of 0-
20m, combine clean-out, and samples taken from within the gravity pit.  
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The output distribution shows the frequency of occurrence for the cumulative AP 
from each of the 50,000 iterations. The x-axis represents the percent of cumulative AP. 
By looking at different x-axis values, the number of output values that fall above or 
below any value on the x-axis can be determined. The three tolerance levels examined in 
this research were 0.9%, 1.5%, and 3.0%.  
Figure 2 shows the tolerance level determined by the model in comparison to the 
three commonly practiced tolerance levels. Figure 1 shows the tolerance level that is 
needed to ensure a feasibility of 75%, 95%, and 99% respectively. For a tolerance level 
that represents 75% feasibility, 37,500 output values will be equal to or less than that 
given tolerance level. We compared the tolerance levels for each given feasibility 
percentage to the three tolerance levels of 0.9%, 1.5%, and 3.0%. If the tolerance level 
from the model is above the tolerance level being tested, the scenario violates the 
tolerance level.  Not all of the output values passed the tolerance levels.  
If 75% feasibility were considered an acceptable rate, then testing at a 3.0% 
tolerance level yields seven out of nine successful scenarios.  Testing at a 1.5% tolerance 
level yields three out of nine successful scenarios, while testing at a 0.9% AP tolerance 
level yields zero out of nine successful scenarios.  
If 95% feasibility were considered an acceptable rate, testing at a 3.0% tolerance 
level yields five out of nine successful scenarios.  Testing at a 1.5% tolerance level yields 
zero out of nine successful scenarios.  Testing at a 0.9% tolerance level also yields zero 
out of nine successful scenarios.  
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If 99% feasibility were an acceptable rate, then testing at a 3.0% tolerance level 
yields four out of nine successful scenarios, testing at 1.5% and 0.9% both yield zero 
successful scenarios. Thus, as the percentage of feasibility increases, the tolerance level  
to ensure feasibility is met also increases. 
 
A chosen feasibility percentage is subjective depending on many different 
conditions and criteria, so a second interpretation of these results is useful. Looking at the 
output distribution for each model and finding the tolerance level of 0.9%, 1.5% and 
3.0%, we gathered the number of output values that were equal to or less than each 
tolerance level. This number divided by 50,000 gave the probability for any condition to 
yield outputs that were equal or lower than the tolerance level being tested. Table 3 
shows each scenario and its feasibility to meet each of the three tolerance levels. 
Figure 2. Tolerance level values needed to ensure 75%, 95%, and 99% feasibility is met 
(bar charts) vs. documented tolerance levels of 0.9, 1.5, and 3.0 (Bold black lines). 
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Table 3. Feasibility for each of the nine scenarios to meet or fall below AP tolerance 
levels of 0.9%, 1.5%, and 3.0% 
 
Scenario Feasibility of 
testing at 0.9% 
or lower for AP 
Feasibility of 
testing at 1.5% 
or lower for AP 
Feasibility of 
testing at 3.0% 
or lower for AP 
(1) Purity, Isolation 0-20m, Clean-
out, Gravity Pit 
0.0% 3.0% 54.4% 
(2) Purity, Isolation 0-20m, Clean-
out, Drag Conveyor 
7.3% 32.4% 74.7% 
(3) Purity, Isolation 0-20m, Clean-
out, Bucket Elevator 
11.8% 38.4% 77.0% 
(4) Purity, Isolation 21-40m, Clean-
out, Gravity Pit 
0.0% 8.0% 92.2% 
(5) Purity, Isolation 21-40m, Clean-
out, Drag Conveyor 
20.4% 73.2% 99.7% 
(6) Purity, Isolation 21-40m, Clean-
out, Bucket Elevator 
30.6% 81.4% 99.8% 
(7) Purity, Isolation 41m+, Clean-
out, Gravity Pit 
0.0% 15.0% 96.7% 
(8) Purity, Isolation 41m+, Clean-
out, Drag Elevator 
33.5% 89.4% 100.0% 
(9) Purity, Isolation 41m+, Clean-
out, Bucket Elevator 
48.9% 94.7% 100.0% 
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Table 3 shows there are only two scenarios that yield a 100% feasibility to pass 
testing at a 3.0% AP tolerance level.  
 
Figure 3. Feasibility of each scenario to pass testing at 0.9%, 1.5%, and 3.0% 
adventitious presence; a visual depiction of Table 3.  
 
Figure 3 shows the scenarios on the x-axis and the feasibility for output values to 
pass testing at the given tolerance level on the y-axis.  The data in Figure 3 and Table 3 
indicate some common trends between scenarios and the feasibility towards passing the 
three tolerance levels. The first theme was as the tolerance level increases, so does the 
feasibility for successfully testing at or below the tolerance level.  
Another theme that is visible from Figure 3 is that the first three scenarios 
modeled using the closest isolation distance of 0-20 meters are typically lower in 
cumulative AP for each of the tolerance levels. As the isolation distance increases to 21-
40 meters for scenarios 4 through 6 and then more than 41 meters for scenarios 7 through 
9, the overall feasibility to meet or fall below the given tolerance level increases. For 
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scenarios 1, 4, and 7, the test samples are taken while corn is being stored in the gravity 
pit at the elevator. The trend suggests  that testing corn for total AP level while in the 
gravity pits is a major contributing factor towards AP compared to scenarios 2, 5, and 8 
and 3, 6, and 9 which represent the models where the corn sample to test was taken from 
corn on the drag conveyor and from within the bucket elevator respectively. For each of 
the 9 models, the distributions representing the factor of seed purity as well as the factor 
for combine clean-out remained constant.  
 Figure 4 below shows the percent feasible for each of the nine scenarios to test at 
or below the tolerance level of 3.0%. The outputs that fall at or below 3.0% tolerance 
level range from 54.4% to 100% which is representative of a range of 27,250 to 50,000 
output values of the total 50,000 iterations run. 
 
 
 
 
Figure 4. Feasibility of each scenario to pass testing at a 3.0% AP 
tolerance level 
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Figure 5 below shows the percent feasible for each of the nine scenarios to test at 
or below the tolerance level of 1.5%. The outputs that fall at or below the 1.5% tolerance 
level range from 3% to 94.7% which is representative of a range of 1,500 to 47,350 
output values of the 50,000 iterations run. 
 
Figure 5. Feasibility of each scenario to pass testing at the 1.5% AP tolerance level. 
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Figure 6 below shows the percent feasible for each of the nine scenarios to test at 
or below the tolerance level of 0.9%. The outputs that fall at or below the 0.9% tolerance 
level range from 0% to 49.8% which is representative of a range of 0 to 24,900 output 
values of the 50,000 iterations run. 
 
Figure 6. Feasibility of each scenario to pass testing at the 0.9% AP tolerance level. 
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Figure 7 below shows the sensitivity analysis for scenario one which is 
representative of seed purity, isolation distance of 0-20m, combine clean-out, and 
samples taken from within the gravity pit. The other sensitivity analysis for each of the 
nine scenarios can be found in the appendix.  
 
Figure 7. The sensitivity analysis for scenario 1, which is representative of seed purity, 
isolation distance of 0-20m, combine clean-out, and samples taken from within the 
gravity pit. 
 
 
  
Table 4 below shows each scenario number followed by the description of the 
factors modeled in each scenario. The significant factors for each model are shown 
ranked by their contribution towards the overall amount of AP.  
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Table 4. The order of significant factors for each of the nine scenarios  
Scenario Code Scenario Significant Factors 
Iso0-20-GP Initial purity, Combine cleanout, 0-
20m Isolation distance, Gravity pit 
1. Isolation distance 
2. Gravity pit 
3. Purity 
4. Combine cleanout 
Iso0-20-DC Initial purity, Combine cleanout, 0-
20m Isolation distance, Drag 
conveyor 
1. Isolation distance 
2. Drag conveyor 
3. Purity 
4. Combine cleanout 
Iso0-20-BE Initial purity, Combine cleanout, 0-
20m Isolation distance, Bucket 
elevator 
1. Isolation distance  
2. Purity  
3. Bucket elevator  
4. Combine cleanout 
Iso21-40-GP Initial purity, Combine cleanout, 21-
40m Isolation distance, Gravity pit 
1. Gravity pit  
2. Isolation distance  
3. Purity  
4. Combine cleanout 
Iso21-40-DC Initial purity, Combine cleanout, 21-
40m Isolation distance, Drag 
conveyor 
1. Isolation distance  
2. Drag conveyor  
3. Purity  
4. Combine Cleanout 
Iso21-40-BE Initial purity, Combine cleanout, 21-
40m Isolation distance, Bucket 
elevator 
1. Isolation distance  
2. Purity  
3. Bucket Elevator  
4. Combine cleanout 
Iso41+-GP Initial purity, Combine cleanout, 
41+m Isolation distance, Gravity pit 
1. Gravity Pit  
2. Purity  
3. Isolation distance  
4. Combine cleanout 
Iso41+-DC Initial purity, Combine cleanout, 
41+m Isolation distance, Drag 
conveyor 
1. Drag conveyor  
2. Purity  
3. Isolation distance  
4. Combine cleanout 
Iso41+-BE Initial purity, Combine cleanout, 
41+m Isolation distance, Bucket 
elevator 
1. Purity 
2. Isolation distance 
3. Bucket elevator 
4. Combine cleanout 
 
Isolation distance is the number one significant factor in five out of the nine 
scenarios; in fact, it is the number one significant factor in five out of the first six 
scenarios which are representative of isolation distances of 0-20m and 21-40m. As the 
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isolation distance increases to above 41m, this factor has a less significant effect on the 
overall AP level in comparison to the elevator handling and initial seed purity. Isolation 
distance is the largest significant factor of the four factors discussed in the literature 
review, but it is not the only factor that plays a role in whether non-GM grain meets 
posted tolerance levels.  
 Elevator handling practices were the second most common significant factor, 
having three scenarios out of the nine total scenarios where it was the number one 
significant factor. Analyzing the specific elevator handling scenarios shows that out of 
the three scenarios where elevator handling was the most significant factor, two of those 
scenarios involved test samples taken from within the gravity pit. Elevator handling 
practices are the second largest contributing factor of the four factors discussed in the 
literature review, yet detailed knowledge of specific control points in the grain elevator 
handling system have not been identified 
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CHAPTER 5. DISCUSSION / LIMITATIONS / SUMMARY AND FUTURE 
WORK  
Previous research has investigated individual factors influencing whether non-GM 
grain meets posted tolerance levels, due in part to commingling and adventitious presence 
(AP). This study takes a holistic view to examine and test overall feasibility for grain 
handlers to meet tolerance levels they are aiming toward to ensure the crop can be sold at 
premium prices. By identifying feasibility to meet three tolerance levels and the resulting 
significant factors identified through a sensitivity analysis, recommendations can be 
made to farmers and grain handlers who fit into each scenario and wish to minimize 
adventitious presence levels in their non-GM grain.  
 There are some cases where non-GM farmers will meet tolerance levels more 
often than the output values of this research suggest. In these cases, farmers are often in 
non-GM areas where they are educated in segregation strategies and also have 
availability to dedicated grain elevators that have bins designated for only non-GM corn. 
This study uses research that was carried out in environments that aren’t specifically 
designed programs for non-GM growers.   
 Educating farmers and grain handlers on the significant factors influencing AP as 
well as on practices to mitigate AP is an important outcome of this research. Although 
farmers can’t always control the isolation distances between their fields and neighboring 
fields, research by Britton (2006) that show the benefit of harvesting outside rows 
separately to reduce their impact towards overall AP levels on loads of corn. Both studies 
suggest a majority of pollen drift settles within the first fifteen meters of a corn field. 
Separately harvesting the outside fifteen meter perimeter and taking that to the elevator 
separately from the remainder of the field gives the farmer a better chance to meet the 
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target tolerance level for the remainder of the corn crop (Britton, 2006). Similar studies 
show the value of knowing the wind information during pollen shed to guide which parts 
of the field to harvest to encourage lower AP (Goggi et al., 2006).   
 Understanding that AP values measured at the elevator can be influenced by 
where corn samples are taken from within the elevator is an important factor with regards 
to mitigating AP. Ingles et al. (2006) suggest that taking samples while the corn is 
stagnant in the gravity pits compared to when it is moving on the drag conveyor or bucket 
elevator may reduce commingling. As attention shifts towards reducing AP levels, 
policies could focus on making a consistent standard operating procedure to ensure all 
elevators are following the same sampling and testing procedures. 
Limitations  
One limitation of this research is that distributions were built using data from 
previous research. Distributions for factors like combine clean-out and elevator handling 
practices are based on data from limited research studies (Hanna et al., 2011; Ingles et al., 
2006). This modeling analysis identifies areas that contribute to overall AP levels, and 
also points to areas where more data are needed. In the future, as more research is 
completed on individual factors, this will increase the validity of the holistic model. 
Another limitation is that the model was created using factors where AP is known 
to occur.  It does not include smaller events which might impact AP, such as planter 
clean-out and volunteer corn plants from previous years. This is important to note 
because if known events are already violating tolerance levels; additional events where 
AP is introduced to non-GM corn will likely only increase the overall AP levels. 
 Another limitation of this study is that it does not account for varying field sizes. 
Past research suggests that when field size is small, even a low level of adventitious 
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presence can impact overall AP levels. Creating a model that accounts for field sizes 
would allow farmers to make decisions that are even more representative to the farming 
practices they are following.  
 Finally, the limit of detection in identifying GM corn in a non-GM load is another 
factor influencing the accuracy of the simulation results. In commodity handling 
environments, GM corn residue may exist in non-GM corn but finding it is another 
matter. Currently, identification of GM corn in a non-GM load is dependent on genetic 
testing, but even with judicious sampling and testing, the assumption that all GM corn is 
identified is not valid in a commodity environment.  
Summary and Future Work 
 The modeling suggests that a 0.9% tolerance level is not feasible in most cases 
and the other two tolerance levels are feasible in certain cases. For fields planted 0-20 
meters apart, the largest significant factor influencing AP is the isolation distance, for 
fields planted 21-40 meters apart the largest significant factor in two of the scenarios is 
isolation distance and the other is taking samples while the corn is in the gravity pit, for 
fields planted 41 meters the significant factors for AP levels shifts away from the 
isolation distance and is more heavily influenced by elevator handling practices and 
initial purity of the seeds being planted.  
 The research conducted here developed the initial model for testing feasibility for 
achieving a specified AP tolerance level based on individual management factors 
impacting the overall measured AP. Future work that can build upon this research 
includes:  
 Collection of more detailed data for known sources of adventitious 
presence 
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 Investigation into other sources where adventitious presence occurs within 
the open-air growing environment of corn 
 Investigation and addition of sources of adventitious presence in the 
postharvest handling supply chain  
Furthermore, the model can be applied in many scenarios to test summed totals 
against tolerance levels. For example, it is possible to apply the same methodology to the 
farming and handling practices of a variety of produce to determine whether the produce 
will meet tolerance levels needed to be deemed organic. This methodology could also be 
applied to test produce lots against acceptable levels of different toxins based on 
traceability and known factors that can influence overall toxin levels.  
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APPENDIX A. OUTPUT DISTRIBUTIONS 
Figure A 1. Purity, Clean-out, Isolation 0-20m, Gravity Pit 
Figure A 2. Purity, Clean-out, Isolation 0-20m, Drag Conveyor 
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Figure A 3. Purity, Clean-out, Isolation 0-20m, Bucket elevator 
Figure A 4. Purity, Clean-out, Isolation 21-40m, Gravity pit 
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Figure A 5. Purity, Clean-out, Isolation 21-40m, Drag Conveyor 
Figure A 6. Purity, Clean-out, Isolation 21-40m, Bucket elevator  
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Figure A 7. Purity, Clean-out, Isolation 41+m, Gravity pit  
Figure A 8. Purity, Clean-out, Isolation 41+m, Drag conveyor  
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Figure A 9. Purity, Clean-out, Isolation 41+m, Bucket elevator  
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APPENDIX B. SENSITIVITY ANALYSIS  
 
 
 
Figure B 1. Purity, Clean-out, Isolation 0-20m, Gravity pit 
Figure B 2. Purity, Clean-out, Isolation 0-20m, Drag conveyor 
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Figure B 3. Purity, Clean-out, Isolation 0-20m, Bucket elevator 
Figure B 4. Purity, Clean-out, Isolation 21-40m, Gravity pit 
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Figure B 5. Purity, Clean-out, Isolation 21-40m, Drag conveyor 
Figure B 6. Purity, Clean-out, Isolation 21-40m, Bucket elevator 
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Figure B 7. Purity, Clean-out, Isolation 41+m, Gravity pit 
Figure B 8. Purity, Clean-out, Isolation 41+m, Drag conveyor 
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Figure B 9. Purity, Clean-out, Isolation 41+m, Bucket elevator 
